Using a DEC LSI-ll microprocessor, we have developed a thermoluminescence dosimetry reader for personnel dosimetry. This microprocessor provides system control, accumulates data for temporary storage on a cassette, and later outputs the data to a large computer. The microprocessor also provides a human/system interface through a computer terminal. A programmable highvoltage supply and a light-emitting diode are used in the reader svstem to automatically control photomultiplier tube gain.
Introduction
The thermoluminescence dosimetry (TLD) reader removes the TLD from an individual's TLD packet, heats the crystal, records the amount of light it gives off, and then reads and records the individual'-s identification (ID) number, which is encoded in the packet. It also records the type of TLD used, the date, and the time that has elapsed since the individual's TLD was last read. If a reading is over a preset limit, a "glow curve" that has been temporarily stored in a waveform recorder will be plotted on a strip-chart recorder.
This glow curve is a plot of the crystal's light output versus time as the crystal is heated, and is of interest ir proving the validity of the read. At fixed intervals, a light source in the reading chamber is turned on; then system calibration is checked and adjusted if necessary. 6. After the system has read the ID number, the packet is offloaded into the discharge tube, and the cycle is restarted.
TLD Reading Electronics
The total light the crystal gives off during heating is measured to determine how much radiation the crystal has been exposed to since annealing. This light is measured by positioning the TLD crystal at one of two focal points in an elliptical chamber and by positioning the face of the PM tube at the other focal point.
The crystal is then heated to 2400C, and the PM tube yields a current output that is proportional to the light given off by the crystal.
Current from the PM tube is monitored by a low-level current-to-frequency converter1 (Figs. 4 and 5). This converter is a recycling integrator that detects lowlevel currents from 10-2 to 6 x 105 A without changing range. A hybrid design (linear and digital circuitry), the converter uses a high-speed, low-inputcurrent FET operational amplifier with a 51-pF feedback capacitor for integration. When current output reaches 200 mV, a comparator triggers the reset circuitry, and the integration capacitor discharges. The entire reset circuit is small and is mounted on the socket of the PM tube to take advantage of the constant temperature and short lead lengths. If a reading is high enough to exceed the range of the current-to-frequency converter, then one of two or both neutral-density filters may be moved into place. These filters attenuate the light received by the PM tube by 10:1, 100:1, or 1000:1.
The PM tube used in the system has a nominal diameter of 50 mm, a bialkali (SbKCs) photocathode, and 13 venetian-blind dynodes. Its spectral response of 285 to 650 nm covers the thermoluminescence spectrum of the TLD crystal used (LiF, TLD 100 and 700) emission spectrum of 350-600 nm. The PM tube is cooled to 30+10C by a thermoelectric refrigerated chamber. This chamber also shields the PM tube from rf interference, reducing dark current to a low, stable value that can be "bucked out" in the current-to-frequency converter. The effects of exterior magnetic fields are reduced by shielding, indicates normal operation and that the data will be recorded. A HI condition indicates a higher than background dose of radiation, and the glow curve stored in the waveform recorder is plotted on a strip-chart recorder for further analysis.
After the read is completed, the microprocessor outputs the data to a terminal for printing and storage on a cassette. At some time later, the microprocessor will read the cassette, and the data will be transferred to If the results indicate the system gain has shifted, the microprocessor adjusts the gain by varying the high voltage of the PM tube. This is accomplished by a digital-to-analog converter that drives a programmable high-voltage power supply. The high-voltage control circuit is shown in Fig. 7 .
The control panel has an Automatic/Manual switch, a
Finger Ring switch, and three switches that control the shutters and the crystal pick-up needle. It also has indicators for calibration cycle, reading limit, nitrogen temperature limit, shutter status, and employee number readout. The reading-limit and nitrogentemperature indicators have an accompanying audio alarm. An oscilloscope above the scaler monitors the output of the current-to-frequency converter. By observing its signal, one can detect some system malfunctions. The control panel, scaler, and oscilloscope appear in Fig. 8 .
Most system control is provided for through software. The program is written in Assembly Language, is 4000 words in length, and is divided into two major routines.
One routine controls the system in Automatic mode; the other provides control in Manual mode. When in Automatic mode, the system follows the sequence outlined in the "Introduction" of this paper. Automatic mode will not be terminated until the current operation is completed.
There are 13 subroutines available in Manual mode. Some are designed to allow the operator to change parameters used in the reading operation, while others are diagnostic routines for checking system performance or for exercising the system for maintenance. One subroutine communicates with the Octopus computer system to output collected data.
When the system is switched back to Automatic mode, the operator may either return the table to the station it occupied when the system was switched to Manual mode or restart the program, in which case the table will be automatically rotated to its starting position.
During operation, several checks are made to ensure that the system is functioning properly. If a malfunction is detected, a message describing the malfunction is printed, and the system waits for operator action before continuing. Malfunctions may include the system's failure to rotate to the first _ov_55 r 5-50mA (cap pick-up) station; to pull off the cap covering the crystal; to raise the cleaning needle or crystal pick-up needle; to close either shutter associated with the PM tube; or to properly read the employee number in the packet. Other malfunctions are due to nitrogenand water-flow failure (water is used to cool the reading chamber jackets). Sometimes the packet will be rotated to an inspection station, and the system will wait for an operator response. This allows the operatoi to correct the problem. The Finger Ring switch notifies the system when the crystal is not from an employee TLD packet. When the system is in this mode and is switched to Automatic, an empty packet will be rotated to the inspection station, where the crystal will be hand loaded. Then the crystal will go directly to the clean and read stations, and the operator will manually type in an ID number along with the date the crystal was put into service.
